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COATED ENZYME CONTAINING GRANULE 
rpftSS KEFTP™ra TO REr alTCT> aPPTJCRTIONS: 

0Ms application is a continuation-in-part of US plication Serial Number 
.. 772,510, filed October 7, 1991. 

FTEID nff TW, INVENTION ; 

This invention relates to improvements in or relating to enzyme granules, as 
well as improved processes for producing such granules. 

ESgME PI SB twvention; 

Recently the use of enzymes, especially of microbial origin, has been more 
and acre common. Enzymes are used in several industries including, for 
example, the starch industry, the dairy industry, and the detergent 
industry. It is well known in the detergent industry that the use of 
enzymes, particularly proteolytic enzymes, has created industrial hygiene 
concerns for detergent factory workers, particularly due to the health risks 
associated with dustiness of the available enzymes. 

Since the introduction of enzymes into the detergent business, many 
developments in the granulation and coating of enzymes to reduce enzyme dust 
have been offered by the industry. However, in today's state of ever- 
increasing environmental concern and heightened awareness of industrial 
hygiene, there remains a continuing need for low dust enzyme granules, 
jurthermore, there are additional characteristics desirable in enzyme 
granules not currently available in known granulation products. Some of 
these additional characteristics are related to the need to further 
alleviate industrial hygiene concerns (lower dust granules) while optimizing 
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custom and end-user satisfaction (oxidatively stable and low residue 
granules) with the product while simultaneously reducing the cost of 
granulation (proved processing time), thus reducing cost of the overall 
enzyme product. 

Principal among these desirable characteristics is the need for delayed 
release of the enzyme, preferably without having to increase the amount of 
chlorine scavenger additives currently used in granulation techniques. This 
delayed release has potential benefit, for example, in protecting enzymes 
from oxidation or autolytic degradation in washing machines until sufficient 
amounts of stabilizing proteins or peptides are released from dirty clothing 
into the wash water. Additional desirable characteristics include low 
residue granule formulations (where low residue is defined as a reduced 
tendency to leave noticeable undissolved residues on clothes or other 
material). This characteristic is desirable to the customer (end-user) of a 
detergent formulation. In addition, improved stability (enhanced shelf 
life) formulations are needed in the industry. Accomplishing all these 
desired characteristics simultaneously while maintaining cost containment 
for the granule production is a particularly challenging task. For example 
many potential polymers to delay the release of the enzyme leave behind 
insoluble residues, which are undesirable to the user, or such polymers 
cause increased processing time, which causes increased costs. Also, most 
potential granulating cores which are attrition-resistant and, therefore, 
suitable for producing lew dust granules, tend to leave behind insoluble 
residues. 


therefore, it is an object of the present invention to provide low dust, low 
residue, delayed release enzyme granules. These granules preferably have 
increased stability. It is another object of the present invention to 
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' provide processes and enzyme granule cxarpositions which afford the formation 

of such improved granules in much lower processing time, thus reducing cost 

of the granular product. 

SUMMARY OF THE INVENTION: 

According to the present invention, there are provided improved enzyme- 
containing granules such granules comprising: 

a) a core ccarprising one or more water soluble or dispersible agent (s) 
which core material is characterized by leaving a low residue upon 
dispersion, said core being optionally coated with a vinyl polymer or 
vinyl copolymer; 

b) an enzyme layer corprising one or more enzymes and a vinyl polymer or 
copolymer; and 

c) an outer coating comprising a vinyl polymer or copolymer and f 
optionally, a low residue pigment and/or a lubricant. 

In a preferred embodiment of the enzyme granule of the present invention, 
the vinyl polymer useful in the core, enzyme and outer coating layers is a 
polyvinyl alcohol (PVA) . 

In a further preferred eambodiinent of the present invention, the care 
material is a norpareil (sugar or salt) which has been coated with a FVA. 
In another embodiment of the present invention, the coating on the core may 
comprise additional agents such as a plasticizer. 

The enzyme-^xintainirg granules of the present invention may comprise any 
enzyme; however, in a preferred embodiment of the present invention, the 
enzyme is selected from the group consisting of proteases, amylases, 
lipases, cellulases or mixtures thereof. 
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' xn a prefer^ e****^ 

a PVA either alone or in combination with additional agents such as 

plasticizers or anti-agglomeration agents. 

m yet another embodiment of the present invention, a scavenger layer 
(chlorine scavenger) is present, preferably immediately outside of the 
enzyme layer. 

Ohe enzvme-ccnt*inir* granules of the present invention preferably comprise 
an outer coating of PVA or mixture of various -ms. More preferably, the 
cuter coating comprises an integral mixture of PVA, a low residue pigment 
aixi a lubricant. 

Shis invention also comprises methods for making low dust granules. A 
method embodiment of the present invention comprises: 

a) selecting a core material which is a water soluble or dispersifcle 
agent coated with a suitable vinyl polymer or copolymer; 

b) coating the core of step a) with one or more enzymes and a suitable 
vinyl polymer or copolymer; and 

c) coating the product of step b) with a suitable vinyl polymer or 
copolymer, alone or in combination with a low residue pigment or a 
lubricant, or a mixture thereof. 


m a 


preferred process embodiment of the present invention, the vinyl 
polymer used in step b) ore) of the process is a PVA or mixture of PVAs. 


in a more preferred embodiment of the present invention, the method 
comprises selecting a core coated with PVA, and including PVA in the enzyme 
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layer and in the outer coating layer. Most preferably, the outer coating 
layer further comprises a lubricant such as an ionic or nonionic surfactant. 


PSPTCF n^SCRIPITON OF THE DRAWINGS : 

Figure 1 is a cross-sectional diagram of an enzyme granule. 

Figure 2 is a cross-sectional diagram of an enzyme granule comprising 
additional layers. 

Figure 3 is a graph showing dissolution profiles of certain enzyme granules. 

Figure 4 shows dissolution profiles of enzyme granules ccatprising various 
ratios of polymer :pigment and polymer rpigment: lubricant. 

DETAILED DESCRIPTION OF THE INVENTION: 

Surprisingly, it has been found that the incorporation of a vinyl polymer or 
copolymer, and preferably polyvinyl alcohol, in one or more of the granule 
layers provides a granule having improved characteristics such as low dust, 
low residue (upon dissolution) , delayed enzyme release and increased 
s tabili ty. It has also been found that such improved granules can be made 
in a much reduced processing time. 

The preferred vinyl polymer useful in the present invention is polyvinyl 
alcohol (PVA) , which is defined as a horocpolymer or copolymer in which vinyl 
acetate is a starting monomer unit and in which most or all (70-100%) of the 
acetate moieties are subsequently hydrolyzed to alcohol moieties. Other 
vinyl polymers which may be useful in the present invention include, but are 
not limited to, polyvinyl acetate and polyvinyl pyrrolidone. Copolymers 
such as PVA-methylmethacrylate copolymer may also be used in the present 
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Sjmaam . PVA Is canmetcifiHy ewsilable in a wide range of nelecuisr 

viscosity a* va^ agrees of *» «- 

^,^00^. ^laA^forth^par^^cate^^m 

based an these various characteristics. 


Degree of 
viscosity 

ultra low 

lew 

nedium 

hi#i 


T ABLE A 

rzp&nre QF ptm nOMMERGT ^TV AVAHABIE 

nr1 ^ ay tfeidht WW) 
5,000-25,000 


Viscosity 


3-5 
5-15 
15-30 
30-70 


25,000-50,000 
50,000-150,000 
100,000-200,000 


Degree of 


partially 
intermediately 

fully 


& H ydrolysis 
70-90 
90-98 

98- 99 

99- 100 


Any of the PVAs listed in Table A may be used in the present invention. 

Tne type of PVA used wm depend in part on which layer of the granule the 
PVA is being used in, and will also depend on what characteristics of the 
granule are to be affected. For example, if PVA is used in the core, it is 
preferably partially hydrolyzed PVA and low viscosity (lew molecular weight) 
because this will result in lower residue upon dissolution of the granule 
such as in a washing liquor. The PVR preferred for the enzyme layer is an 
intermediately, fully or super hydrolyzed PVA with lew to medium viscosity. 
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' in addition, it is contemplated that mixtures of PVA may be used in any or 
all layers of the granules of the present invention. 

Cores 

The core particles suitable for use in the present invention are preferably 
of a highly hydratable material, i.e., a material which is readily 
dispersible or soluble in water. The core material should either disperse 
(fall apart by failure to maintain its integrity when hydrated) or 
solubilize by going into a true aqueous solution. Clays (bentonite, 
kaolin) , nonpareils and agglomerated potato starch are considered 
dispersible. Nonpareils are spherical particles consisting of a seed 
crystal that has been built onto and rounded into a spherical shape by 
binding layers of powder and solute to the seed crystal in a rotating 
spherical container. Nonpareils are typically made from a combination of a 
sugar, such as sucrose, and a powder, such as corn starch. Alternate seed 
crystal materials include sodium chloride and other inorganic salts. 

Particles composed of inorganic salts and/or sugars and/or small organic 
molecules may be used as the cores of the present invention. Suitable water 
soluble ingredients for incorporation into cores include: sodium chloride, 
ammonium sulfate, sodium sulfate, urea, citric acid, sucrose, lactose and 
the like, water soluble ingredients can be combined with water dispersible 
ingredients. Cores can be fabricated by a variety of granulation techniques 
including: crystallization, precipitation, pan-coating, fluid-bed coating, 
rotary atcmization, extrusion, spheronization and high-shear agglomeration. 

The cores of the present invention may further comprise one or more of the 
following: fillers, plasticizers or fibrous materials. Suitable fillers 
useful in cores of the present invention include inert materials used to add 
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« - - — « *• «*■*-*■ 0,6 

^activity in finish* graadete. Exanples of Rich fillers 

tat are not Itaited to, water soluble agents sudl as urea, salts, 
^ art water dispersibl. agants such as days, talc, silicates, 
eazbcajnethyl cellulose or starches. 

suitable plasticizers useful in the cores of the present invention ere 
MtfWU. advents added to a poly«r to re*»e its *U« transition 

gxass tradition t^m - X,, represents the crest of segnental 
rtUity for a polymer., Really, P^sticisers sr. » nolecular weight 
.^do ochres .tf are highly specific to the polyner being plasticized. 
B^les inctate, hot are not United to, polyols (polyhydric alc*ols, for 
example, elc*ols wiin nany bydroxyl radical grows such as glycerol, 
ethyls glycol, propylene glycol or polyethylene glycol) , polar lo» 
mamaaat weight organic concerts so* as urea, or other Ico-, plasticizers 
such as dibutyl of dimethyl phthalate, or water. 

inclrte mterials which have hi* tensile strength and whfc* can be feoed 
teto fine filaments having a disaster of 1 to 50 nicrcre and a length egual 
to at least four diameters. Typical fibrous naterials include, but are not 
Uidtedto: cellulose, glass fibers, netel fibers, rubier fibers, adon 
(^^ufectured frcn naturally occurrii^ Proteins in corn, peanuts end Bilic) 
and synthetic polyser fibers. Synaptics include Bayctf , Rylotf , acrylic, 
polyester, olefin, Sarai? , Spends* art W»S . Typical cellulose fibers 
»uuld have an average fiber length of 160 aicrons with a disaster of about 
30 microns. 
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m a granule embodiment of the present invention, the core is a water 
soluble or dispersihle nonpareil, such as listed above, either coated by or 
built up from the seed crystal (nonpareil) using EVA either alone or in 
combination with anti-agglomeration agents such as titanium dioxide, talc, 
or plasticizers such as sucrose or polyols. The EVA may be partially 
hydrolyzed EVA, intermediately hydrolyzed EVA, fully hydrolyzed EVA (all as 
defined above) , or a mixture thereof, with a low to high degree of 
viscosity. Preferably, the nonpareil is coated with partially hydrolyzed 
EVA, either alone or in combination with sucrose or such other plasticizer 
as known in the art. Partially hydrolyzed EVA is preferred because it 
results in a lower amount of residue upon dissolution of the granule than 
fully hydrolyzed EVA. The level of EVA in the coating of the nonpareil may 
represent from about 0.5% to 20% of the weight of the coated nonpareil. The 
core of the granules of the present invention, including any coating on such 
core materia] as described above, preferably comprises between about 40-85% 
by weight of the entire coated granule. 

In a process embodiment of the present invention, the core material, which 
may be any material described herein, is charged into the granulator for 
coating with the first layer, i.e. , the enzyme - layer. 

Enzymes 

Any enzyme or combination of enzymes may be used in the present invention. 
Enzymes are typically coated from relatively impure solutions or slurries, 
in which the active enzyme constitutes only a portion of the total dissolved 
and suspended solids. Other suspended solids present in the fermentation 
broth include other proteins, peptides, carbohydrates, other organic 
molecules and salts. Preferred enzymes include those enzymes capable of 
hydrolyzing substrates, e.g. , stains. These enzymes are known as 
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" ^ooases, vbich include, ^ are not limited to, proteases (bacterial, 

f^gal, a=M, neutral or dUi-l, biases (alpha or beta), Upases, 
c^Uulases, and mixtures thereof. Particularly preferred enzymes are 
subtilisins and cellulases. MCst preferred are subtilises such as 
describ ed ^ « Patent 4,760,025, EP Patent 130 756 BL and EP Patent 
plication TO 9V06637, which are incorporated herein by reference, and 
ceuulases or cellulase components isolate frora ^ich^ ree^ such as 
Ceiiulase 123- and MUltifed* 1250, conmarcially available from Genencor 
International, or mixtures thereof or those described in ccnnnionly owned PCT 
plication PCT/DS91/07269 incorporated herein by reference. 

,ne enzyme layer of the present tom*m c*&. in wMtom *> *» 
enzymeper.se, a vinyl polymer and preferably Tnis polymer affects the 
release of the enzyme, delaying such release in a desirable fashion while 
not causing undesirable residue which is common with many delayed release 
agents, m a preferred embodiment of the present invention, the enzyme 
layer crises intermediately, fully or super hydrolyzed PVA of low to 
^um viscosity. More preferably the FVfc is fully hydrolyzed with a low 
degree of viscosity. Fully hydrolyzed PVR, at a level of about 0.25% to 3% 
of the granule weight, provides the desirable characteristic of delayed 
'release of the enzyme to prevent toiiate imctivation of the enzyme by 
residual wash water chlorine or to prevent inactivation by autolysis before 
the release of stain peptides into the wash. 

It is surprising that fully hydrolyzed PVA, which has reduced water 
solubility and thus meets the delayed release criteria of the present 
invention, simultaneously contributes to reduction in the tendency of the 
granule to form dust and meets the low residue criterion of the present 
invention. Tnis is apparently due to the low levels of fully hydrolyzed PVA 
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• used herein, which is an effective. amount for delaying release, but a lew 
enough level to prevent residue problems. 

One enzyme layer may also further comprise plasticizers and anti- 
agglomeration agents. Suitable plasticizers useful in the present invention 
include polyols such as sugars, sugar alcohols or polyethylene glycols 
(PEIGs) having a molecular weight less than 1000, ureas or other Known 
plasticizers such as dibutyl or dimethyl phthalate, or water. Suitable 
anti-agglomeration agents include fine insoluble material such as talc, Tip,, 
clays and amorphous silica. 

The enzyme layer of the present invention, including any nonenzyme solids 
and FVA therein, comprises between about 51-70% by weight of the coated 
granule. 

coating layers 

The granules of the present invention may comprise one or more coating 
layers. For example, such coating layers may be one or more inter m edia t e 
coating layers, or such coating layers may be one or more outside coating 
layers, or a combination thereof. Coating layers may serve any of a number 
of functions in a granule composition, depending on the end use of the 
enzyme granule. For example, coatings may render the enzyme resistant to 
oxidation by bleach, or coating layers may bring about the desirable rate of 
dissolution upon introduction of the granule into an aqueous medium, or 
provide a barrier against ambient moisture in order to enhance the storage 
stability of the enzyme and reduce the possibility of microbial growth 
within the granule. 
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m . t,*^ of the p»eent - — ^ 

p^cro^e^pients ash as lubricants, such *<cipients are nam 
to tbcse «IW in mther^coatin* agents nay be used tf> 

.^^to c*her active a^ of the sane or different catsjoriss. 

stable P»s for ircorperaticn In the coatin, layerM of tt. 

fa** partially hydrolyzed, ~W "W- »-T 
p^,^ lev to hi* de^ee. of viscosity. Preferably, the outer eoatin, 

^ cerises part 1 auy^ y «d™'^ 1 «' vlsccsity - «** 
poiyeers vMch nay be useful Include polyvinyl acetate and polyvinyl 
Mmaiat «. oaefel ccpclyrere include, for exe^e, TO ^i»tha=rylate 

csopolyner. 

a» ooating layers of the present Mention *ay furthar co^ one car **e 
of the following: plasticizers, pignents, lubricants such as surf actants or 
antistatic agents and, optionally, additional enzynes. Suitable 
plasticizers useful in the coating layers of the present invention are 
plasticizers including, for exanple, polyols such as sugars, sugar alcohols 
or polyethylene glycols (EBfis) having a Secular weight less than 1000, 
ureas or other Known plasticizers such as dibutyl or diethyl phthalate, or 
water. Suitable pign^nte useful in the coating layers of the present 
invention include, but are not liaited to, finely divided whiteners such as 
titanium dioxide or calcium carbonate, or colored pignents, or a combination 
thereof. Preferably such pigments are low residue pigments upon 
dissolution. 

As used herein "lubricants- mean any agent which reduces surface friction, 
lubricates the surface of the granule, decreases static electricity, or 
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' reduces friability of the granules. lubricants can also play a related role 
in improving the coating process, by reducing the tackiness of binders in 
the coating. Onus, lubricants can serve as anti-agglaraeration agents and 
wetting agents. 

m a preferred embodiment of the present invention, from both a granule and 
processing perspective, the outer coating layer comprises a lubricant, ihe 
lubricant reduces attritional dust even further than a FVA coating alone, 
dramatically decreases processing time and also improves solubility of the 
granule. It is contemplated that the lubricant added to the outer coating 
may comprise or replace at least about 30% of the polymer or pigment used in 
the coating, m a more preferred embodiment, the lubricant is added to the 
granule as an integral mixture of pigment/polymer/lubricant. As used 
herein, "integral mixture" means a layer resulting from coating well mixed 
solutions of the opponents (pigment/polymer/lubricant) as opposed to the 
separate addition (layered addition) of each component. As used herein, 
"pigment" means low residue pigment, such as titanium dioxide, and "polymer- 
means a vinyl polymer or copolymer, as defined herein, and preferably PVA or 
a copolymer thereof. 

Suitable lubricating agents include, but are not limited to, surfactants 
(ionic, nonionic or anionic) , fatty acids, antistatic agents and antidust 
agents. Preferably the lubricant is a surfactant and most preferably is an 
alcohol-based surfactant such as a linear, primary alcohol of a 9 to 15 
carbon atom chain length alkane or alkene or an ethoxylate or ethoxysulfate 
derivative thereof. Such surfactants are commercially available as the 
Neodol* product line from Shell International Petroleum Company. Other 
suitable lubricants include, but are not limited to, antistatic agents such 
as StatioGuard" , Downey* , Triton X100 or 120 and the like, antidust agents 
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the art- 


outer coating layer of tf» present Mention preferably orrises 
between about 1-20% by weight of the coated granule. 

f ^ r- arlj nnct in gredients 
adjunct ingredients may be added to the enzy^ granules of the present 
invention, ^tallic salts, sobers, 

activators, antioxidants, dye., inhibitors, binders, fragrances, enzyme 
prote cting agents/scavengers such as ammonium sulfate, ammonium citrate, 
^ guanidine hydrochloride, guanidine carbonate, guanidine sulfonate, 
thiourea dioxide, monethyanolamine, diethanolamine, triethanolamine, amino 
acids such as glycine, sodium glutarata and the lite, proteins such as 
bovine serum albumin, casein and the lite, etc. , surfactants, including 
anionic surfactants, ampholytic surfactants, nonionic surfactants, cationic 
surfactants and long-chain fatty acid salts , builders , alkalis or inorganic 
electrolytes, bleaching agents, bluing agents and fluorescent dyes, and 
casing inhibitors. These surfactants are all described in commonly assigned 
PCT Application PCT/OS92/00384, which is incorporated herein by reference. 

A pref erred embodiment of the present invention comprises a scavenger layer 
a^ing a chlorine scavenger such as am^nium sulfate, ohis scavenger 
layer preferably comprises between about 5%-30% by weight of the coated 
enzyme granule. This scavenger layer is preferably located between the 
en2 ^ layer and the outer coating, although it may be present elsewhere in 
the granule. 
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The granules described herein nay be made by methods known to those skilled 
in the art of enzyme granulation, including fluidized bed spray-coating, 
pan-coating and other techniques for building up a granule by adding 
consecutive layers on top of a starting core material. 

The following examples are representative and not intended to be limiting. 
One skilled in the art could choose other enzymes, cores, particles, methods 
and coating agents based on the teachings herein. 

Example 1 

A batch of EVA/sucrose coated nonpareils was produced by coating a 
FVa/sucrose solution onto a standard batch of nonpareils. 100 pounds of 
-25/+40 mesh sucrose/starch nonpareils were charged into a 200 lb capacity 
coating pan rotating at 45 rpm and heated to a bad temperature of 150 to 
170°F. A coating solution was prepared by mixing 112 lbs of an 18% w/w 
solution of partially hydrolyzed PVA with low viscosity (Airvol 705S, 
commercially available from Air Products, Inc.) with 144 lbs of a 67% 
sucrose solution. A total of 38.4 lbs of this unheated mixture were pumped 
onto the unooated nonpareils over a period of twelve hours, providing a 
coating composed of 2.6% w/w PVA and 12.4% w/w sucrose, cm the basis of the 
final product weight. This material was screened to -20/+45 mesh, yielding 
101 lbs of usable product and 15 lbs of scrap. A 20 minute Heubach 
attrition test on 13.5 mgs of coated nonpareil cores (prior to enzyme 
application) resulted in a total dust reading of 4.2 mg. 

In a Glatt GPOG-5 fluidized bed spray-coater, 6300 grams of PVA/sucrose 
coated nonpareil cores were charged and fluidized to a bed temperature of 
44 °C. 11.62 kg of protease ultrafiltration concentrate produced from IL_ 
subtilis . at a concentration of 5.27% w/w protease and 25.7% w/w total 
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solids (such that protease re^ ^mivzed 
• «, ««* a l 53 »3 solution of a 10% v/w fully hydrolyzed 
solids), were mixed wxth a 1.53 Kg bo ^ 

m ^ 1W viscosit* (Elvanol 90-50, o-ercially available fro* 

^Co ^o),aM 153g^ of a^rphous silica (Zeothox 
Pont de Nemours and Co. , inc.] , *- 

265 — ^il*^^^' *eenryne 

2«, o™=o. „* 05%S cajmbenzoateasfoiwla.tion 

^^rtrate contained 0.25% sorbitol and 0.5% sodam 

46 to 37'C and the inlet temperature was held at 
gradually reduced from 46 to ■ii w 

* ramo. Atomization air pressure 

about 57 to 60<C over the course of the feed ratrp. 

was held at 4.0 bar. 

^ ^ a^licat^, 7.. » of a 40% v/w solution of — — 
«. spray* «*= «. ^es, at similar ccrditic to enzyoe a^lioat^, 
^ at enaction press™ of 3.5 *r. ,his ,»«d another 3.05 to 

weight of graraAes. «. *ess oal*« of tt. «l*t gain for 

ttese two steps was 99.8%. » a prot*=Uve=c*t^ section was 
applied, made by suspending 765 grans of tltaniAnn dioxide In 1. 147 Kg water* 
«» ad^ 5.10 Hg of a 15% partially hydrolyzed » >** *» * 
(Elvanol 51-05, stccK action, to provide 6.95 * of a annate, wi<* net 
^w^ma^mwATW.o^centrati^s. «. coati*, suspension was 

onto the —tm sulfate oca** graral. at rates of 50-80 gMn, an 
te^ratnr. of 63 to 67-C, an «tlet te^re of 45 to 49-C, a* an 

* ii n v«t- ihe final product was harvested at 
atomization air pressure of 4.0 bar. me rmax ^ 

. . w a 7fl!fe -asa balance for the final coating step, and 
13.285 kg, representing a 78% mass naxanw* 

encverall 89% nass balance for aU epray-ooattaj steps. In ten* of 
^ wei*t gain, «. enzyne Uyer represent a 52% wei*t sain over the 
oore, and the opined three layers represented a 119% weight gain 
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Product was screened through a 20 mesh screen to remove any 


Example 2 

Two separate lots of an identical enzyme granule formulation were made in a 
Glatt Uniglatt laboratory fluidized bed spray-coater. Processes for the two 
lots were virtually identical, so only the second run is described. Hie 
starting material was made by charging 595 grams of -20/+50 mesh FVA coated 
nonpareils into the fluidized bed. These cores were coated by a process 
similar to that described in Example 1, except that the coating solution 
consisted of an 18% PVA solution (Airvol 705S) without any sucrose added, 
and the FVA solution was sprayed onto sucrose/starch nonpareils until the 
applied FVA coating represented 18% of the weight of the final coated 
nonpareil mass. (The 18% FVA-coated nonpareils registered 21.0 mg total 
dust in a Heubach attrition test prior to addition of enzyme.) A 436 gram 
sample of protease concentrate at a 54 g/kg enzyme concentration and 26.1% 
total solids concentration was mixed with 94 grams of a 10% FVA (Elvanol 90- 
50) solution. (Thus, the enzyme represented 20.7% of the total solids in 
the feed.) -The mixture was spray-coated onto the fluidized cores at a rate 
of 7 g/min in the Uniglatt, with inlet and outlet temperatures of 55'C and 
45'C, respectively, and an atomization air pressure of 4.0 bar. 

Once the enzyme was applied, 588 grams of a 40% ammonium sulfate solution 
and 539 grams of a suspension containing 11% FVA (Elvanol 51-05) and 11% Tiq, 
were applied under similar process conditions, with coating rates of 17 
g/min and 7 g/min, respectively. The final product weighed 1023 grams, 
prior to sieving, a 90% yield on overall solids gain. This represents a net 
weight gain over the core weight of about 18% for the enzyme layer and about 
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W0 93/07263 ^ ^ to r^e 

72% overall. Product was sieved tseoreen 

agglcanerates and fines. 

^lanilot.of^le^^^^^ 
^ ^ a curable «— - P— . — ^ *" 

.^^^^^v*.. ^^^^^ 

^ of a** 17 cc in a 20 test «. with an *f>» rat. of 

p« — . -*ca~ air. «. *U«^ «-^-» ~ >— — 
obtained: 

24 


Savinase 5,7 
Exanple 1 0,6 
Bcanple 2, lot 2 0« 6 


7 
4 


» a test for pot^tiel resiioe left by an^ gra^ efter a standi 
^c^at^savinaaa^arlaftatina^ita^cnthecWh. 

WM, th. preserve of soae insolobles. 1 an! 2 laft 

e^valant or 10^ of aan S^inaaa 

Bis30Mtel profit indicate rata, of enzye release *** realistic 
dateEgant coitions are shc»n in Fi**e 3 for both lots of l*a»Ple 
^ profit v** generated in a dilution tester with detergent present 
at w», 10 grains par gallon hardness and a fi*ed «adi- stir rate. 

-in, esynehetic substrate rate assay. *«, at 

these high tenperatures, it can ba seen that the rate of anzyma release is 
a^j. oan be an advantage in that it tilo. tt. for scavenging of 

^sidue »sh »ater Fiorina by the -cnto tfltt. in M- - 
p^^terials released fro* ^clottinj. ^ delay also protects the 
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enzyme against high temperature autolysis until released proteins and 
peptides are available to inhibit autolysis via peptide inhibition. 


Example 3 

A granulated cellulase for textile applications was produced in a Uhiglatt 
spray-coater, 842 grams of -30/+50 mesh regular sucrose/starch nonpareils 
were charged into the coater and fluidized at a bed tenperature of 42 to 
48 °C. A 321 gram solution of cellulase ultrafiltration concentrate from T. 
reesei , containing 6% w/w protein and 21% w/w total solids, was mixed with a 
235 gram solution of 10% fully hydrolyzed PVA (Airvol 107) . This mixture 
was sprayed onto the fluidized nonpareils at a rate of about 9 g/min, 
resulting in a weight gain of 88 grams, or about 10.5% w/w. Over the 
enzyme/FVA layer, 275 grams of a coating suspension containing 12.7% PVA 
(Airvol 205) and 12.7% TiO> was sprayed an, bringing the total granule wei^it 
to 1000 grams, a total weight gain of 18.8%. Of the final granule, 6.0% w/w 
was cellulase protein. 

In comparison with a competitive product, Denimax Acid T (commercially 
available from Novo-Nordisk Industri A/S) , Exanple 3 had identical total 
Heubach dust, 25 vg in both cases. The polyvinyl alcohol binder and coating 
provided the granule of Exanple 3 with superior stability of the cellulase 
activity at high tenperature and high humidity. 

She cellulase granules produced in this exanple were evaluated for storage 
stability in comparison with a commercial product, Denimax Acid T (Novo- 
Nardisk Industri A/S) . The anrcunt of residual activity measured after 
storage for eight days at 37 °C, at lew and high relative humidity was as 
follows: 
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Relative Humidity (R.H. ) 
Residual Activity Residual Activity 
at 0% R.H. at 60% R.H. 

Example 3 117 H2 

Denimax Acid T 102 26 


Ihus, the use of polyvinyl alcohol in the enzyme layer, and especially in 
the outer coating, confers excellent protection against the destabilizing 
effects of high tenperature in combination with high humidity. 

Example 4 

A granulated detergent lipase was produced in the Uniglatt spray-coater. 
456 grams of the PTVsucrose coated nonpareils described in Example 1 were 
charged into the reactor. 1.882 liters of a lipase ultrafiltration 
concentrate containing 10 g/L enzyme and 16.5% w/w total solids was sprayed 
onto the cores without admixed PVA. Inlet and outlet temperatures averaged 
60 and 45 -C, respectively, allowing a coating rate of about 8 g/min at 4 ba: 
atomizatian. A 432 gram suspension of 11% w/w PVA (Elvanol 51-05) and 11% 
w/w TiOt was sprayed onto the lipase coated cores. One lipase application 
***** 3 07 grams to the cores, a 67% weight gain. Hie final product weight 
was 808 grams, prior to screening, a net 77% weight gain. A Heubach 
attrition test yielded a total dust level of 0.8 mg; no measurement of 
active lipase dust content was available. 


Example 5 

A granulated detergent protease was produced in a Glatt fluidized bed spray- 
coater substantially as described in Examples 1 and 2; however, the outer 
coating formulation applied to the granulation product was an integral 
mixture of TiOa/PVA/NeodoP in quantities provided below: 
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Dry Weight 

kg Solution % On Granule % 

Ti0 2 47.5 11.0 5 

FVA (51-05) 38.0 8.8 4 

NeodoP 9.5 2.2 1 

Water 337.0 78.0 o 

432.0 100.0 


The TiO^PVA/NeodoP crating mixture, described above, was applied to 684 kg 
of uncoated product at a 10% level to yield 760 kg of final product. The 
coating was applied at a maximum spray rate of about 1.6 kg/min. 

The overall coating tine for application of this coating mixture was 
measured and compared to the overall coating time for previous examples 
(particularly Example 1) where a 50-50% mixture of FVa/TiC^ and 0% Neodo]® 
were used. Such comparison showed that coating time was reduced by about 
50% when a surfactant was incorporated in the coating mixture as compared to 
coating time for a pigment/polymer layer only. 


The total dust for the product of Example 5 was 0.6 rog/13.5 g of product, as 
measured by the Heubach dust assay referred to in Example 2. Product wash 
performance and solubility were similar to Examples 1 and 2. 


Example 6 

Following procedures substantially as described in Examples 1-3, three 
granulated cellulase and protease containing products were produced in a 
Uniglatt spray-coater. 
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3he three experimental lots conprised the following compositions, coated on 
nonpareil core materials: 


Exp. # 
A 

Active 
Cellulase 
(%) 

Active 
Protease 

r%> 

Surfactant 
. fwt%) 

Pigm/Polym 
fwt %) 

6.5 

0.56 

4.49 

3.67 

B 

6.5 

0.52 

0 

3.14 

C 

6.5 

0.59 

* 

6.11* 


* Surfactant suspended in polymer coating; therefore, total polymer and 
surfactant shown In Pigment/Polymer column 

In Experiment A, the non-enzyme coating conprised individual applications of 
pigment/polymer, TiO^PtfA (Elvanol 51-05) , and surfactant (Triton XL20) . 
Experiment B utilized no surfactant, only a pigment/polymer coating of 
TicyFVA (Elvanol 51-05) . m Experiment C, the non-enzyme coating comprised 
surfactant suspended in the polymer; thus, the coating in this experiment 
was Triton 3020/Elvanol 51-05. 

Hie three experimental lots (A, B and C) were tested for total dust level in 
the Hteubach test referred to in Exairple 2. Die following comparative dust 
levels were obtained: 

Exp j Average dust fmcrt/13.5 a 

A 42.5 

B 255.0 

C 4.2 

Biese results show that the distinct surfactant layer of Experiment A seems 
to lower dust; however, a more dramatic effect of lowering dust is evidenced 
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when the surfactant is suspended in the PVA forming an integral mixture (see 

Experiment C) . 


In addition to lowering dust levels, it was observed that the addition of 
the surfactant as an integral mixture of the PVA coating layer, enhanced 
feed rate; thus, reducing the total processing time, as compared to feed 
rate for normal pigment/polymer coatings (without surfactant) . 

Granules made as described herein have improved dust characteristics when 
ocnpared to other granules known in the art. These improved dust 
characteristics are achieved while other desirable characteristics of the 
granules, such as solubility, stability, delayed release and lew residue, 
are maintained or improved. In addition, in certain embodiments of the 
present invention (i.e. , Exairple 5) , feed rate may be enhanced with 
resulting reduction in coating time without adversely affecting the 
desirable characteristics of the claimed granules. Thus, cost may be 
reduced while enhancing product characteristics. 
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timT Tfi CTAIMED IS ; 

1. An enzyne-cxartaining- granule comprising: 

a) a core ccnprising a water soluble or dispersible material coated 
with a vinyl polymer or copolymer; 

b) an enzyme layer comprising one or more enzyme and a vinyl polymer 
or a copolymer; and 

c) an outer coating layer comprising a vinyl polymer or copolymer. 

2. A granule of Claim l wherein the vinyl polymer useful in steps a) , b) 
and c) is a polyvinyl alcohol or a copolymer thereof. 

3. A granule of Claim 1 wherein the copolymer useful in steps a) , b) or c) 
is polyvinyl aloahol-methylmethacrylate copolymer. 

4. A granule of Claim 2 wherein the polyvinyl alcohol useful in the core 
is selected from the group consisting of: partially hydrolyzed, 
intermediately hydrolyzed, or fully hydrolyzed polyvinyl alcohol having 
low to high viscosity, or a mixture thereof. 


5. A granule of Claim 4 wherein the polyvinyl alcohol is partially 
hydrolyzed. 

6. A granule of Claim 2 wherein the core comprises a nonpareil. 

7. A granule of Claim 6 wherein said nonpareil is coated or built up with 
a polyvinyl alcohol selected from the group consisting of: partially 
hydrolyzed, intermediately hydrolyzed, or fully hydrolyzed polyvinyl 
alcohol having low to high viscosity, or a mixture thereof. 
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8. A granule of Claim 7 wherein said nonpareil is coated with partially 

hydrolyzed polyvinyl alcohol having low viscosity. 


9. A granule of Claim 2 wherein the core further comprises a plasticizer. 

10. A granule of Claim 2 wherein the enzyme layer comprises one or more 
enzymes selected from the group consisting of protease, amylase, 
lipase, cellulase and mixtures thereof. 

11. A granule of Claim 10 wherein the enzyme is a protease. 

12. A granule of Claim 11 wherein the protease is a subtilisin. 

13. A granule of Claim 10 wherein the enzyme is a cellulase or a component 
thereof. 

14. A granule of Claim 10 wherein the enzyme is a lipase. 

15. A granule of Claim 10 wherein the enzyme is a mixture of protease and 
cellulase. 

16. A granule of Claim 2 wherein the polyvinyl alcohol useful in the enzyme 
layer is selected from the group consisting of: fully hydrolyzed, 
partially hydrolyzed or intermediately hydrolyzed polyvinyl alcohol 
having low to high viscosity, or a mixture thereof. 

17. A granule of Claim 16 wherein the polyvinyl alcohol is fully hydrolyzed 
polyvinyl alcohol having low viscosity. 
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18. A granule of Claim 16 wherein the polyvinyl alcohol is intermediately 
hydrolyzed having low viscosity. 

19. a granule of Claim 2 wherein the enzyme layer further comprises: 

a) a plasticizer; or 

b) an anti-agglomeration agent. 

20. A granule of Claim 2 wherein the outer coating layer (c) comprises a 
polyvinyl alcohol selected from the group consisting of: partially 
hydrolyzed or intermediately hydrolyzed polyvinyl alcohol having low to 
high viscosity. 

21. A granule of Claim 20 wherein the polyvinyl alcohol is partially 
hydrolyzed FVA having low viscosity. 

22. A granule of gain 2 wherein the outer coating layer (c) further 
comprises a low residue pigment. 

23. A granule of Claim 2 wherein the pigment is titanium dioxide. 

24. A granule of Claim 2 wherein the outer coating layer (c) further 
comprises a lubricant. 

25. A granule of Claim 24 wherein the lubricant is a nonionic or anionic 
surfactant. 

26. A granule of Claim 25 wherein the surfactant is a linear primary 
alcohol of a 9-15 carbon atom chain length alkane or alkene or an 
ethoxylate or ethoxysulfate derivative thereof. 
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27. A granule of Claim 2 further comprising a scavenger layer. 


28. A granule of Claim 27 wherein the scavenger layer comprises ammonium 
sulfate. 

29. An enzyme-containing granule comprising: 

a) a nonpareil core; 

b) an enzyme layer comprising one or more enzymes and fully hydrolyzed 
polyvinyl alcohol having low viscosity; and 

c) an outer coating layer comprising a partially hydrolyzed polyvinyl ' 
alcohol having low viscosity. 

30. A granule of Claim 29 further comprising a low residue pigment in the 
outer coating. 

31. A granule of Claim 30 further comprising a lubricant in the outer 
coating. 

32. A granule of Claim 31 wherein the lubricant is a nonionic or ionic 
surfactant. 

33. A granule of Claim 32 wherein the surfactant is a linear primary 
alcohol of 9-15 carbon atom chain length alkane or alkene or an 
ethoxylate or ethoxysulfate derivative thereof. 

34. A granule of Claim 29 further comprising a scavenger layer. 
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35- An enzyne^containing granule conprising: 

a) a nonpareil core coated with partially hydrolyzed polyvinyl alcohol 
having low viscosity* 

b) an enzyme layer comprising one or more enzymes and a fully 
hydrolyzed polyvinyl alcohol having low viscosity; and 

c) an outer coating layer comprising, a partially hydrolyzed polyvinyl 
alcohol having a low viscosity, a low residue pigment and a linear 
primary alcohol of 9-15 carbon atom chain length alkane or alkene, 
or an ethoxylate or ethoxysulfate derivative thereof. 

36. A granule of Claim 35 further comprising a scavenger layer. 

37. A granule of Claim 35 wherein the nonpareil core is further coated with 
a plasticizer. 

38. A granule of Claim 35 wherein the enzyme layer further emprises: 

a) a plasticizer; or 

b) an anti-agglcmsratian agent. 

39. A granule of Claim 35 wherein the enzyme layer canprises one or more 
enzyme selected from the group consisting of protease, amylase, lipase, 
cellulase, or a mixture thereof. 


40. An en2yire-containing granule comprising: 

a) a core comprising a water soluble or dispersible agent coa t ed with 
a polyvinyl alcohol or polyvinyl alcohol copolymer; 

b) an enzyme layer comprising one or more enzyme; and 

c) an outer coating layer comprising a polyvinyl alcohol. 
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41. A method for making an enzyme-cxjntaining granule, said method 

comprising: 

a) selecting a suitable core material; 

b) coating the core of step a) with an enzyme layer comprising one or 
more enzymes and a suitable vinyl polymer or copolymer; 

c) coating the product of step b) with a suitable vinyl polymer or 
vinyl copolymer, alone or in combination with one or more pigment, 
lubricant, or a mixture thereof. 

42. A method of Claim 41 corrprising: 

a) selecting a nonpareil core coated with a polyvinyl alcohol selected 
from the group consisting of fully hydrolyzed, partially hydrolyzed 
or intermediately hydrolyzed polyvinyl alcohol having low to high 
viscosity, or a mixture thereof; 

b) coating the core of step a) with one or more enzymes and a 
polyvinyl alcohol selected from the group consisting of fully 
hydrolyzed, partially hydrolyzed or intermediately hydrolyzed 
polyvinyl alcohol having low to high viscosity, or a mixture 
thereof; and 

c) coating the product of step b) with an integral mixture comprising 
a polyvinyl alcohol selected from the group consisting of fully 
hydrolyzed, partially hydrolyzed or intermediately hydrolyzed 
polyvinyl alcohol having low to hi#i viscosity, or a mixture 
thereof, a low residue pigment and a lubricant. 

43. A method of Claim 42 wherein the lubricant of step c) is a nonionic or 
ionic surfactant. 
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44. A method of Claim 43 wherein the surfactant is a linear, primary 
alcohol of 9-15 carbon atom chain length altene or aUcene, or an 
ethaxylate or ethoxysulfate derivative thereof. 

45. A method of Claim 41 further comprising coating the product of step b) 
with a suitable chlorine scavenger prior to coating said product with 
the suitable vinyl polymer or copolymer. 
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